Introduction
RA affects $1% of the adult population and is a major cause of disability [1] . Key goals in the management of patients with RA are to improve and preserve physical function and health-related quality of life (HRQOL) [1] . Patient-reported outcomes (PROs) are used in randomized controlled trials to demonstrate the broad benefits of new therapies [24] . The Outcomes Measures in Rheumatology (OMERACT) international consensus effort advocates the use of disease-specific [e.g. Health Assessment Questionnaire (HAQ)] and generic [e.g. Medical Outcomes Study 36-Item Short Form Survey (SF-36)] instruments to assess physical function and HRQOL, as well as fatigue, in randomized controlled trials in RA [4, 5] .
Tocilizumab, a humanized mAb against the IL-6 receptor, improves signs and symptoms of active RA [610] , inhibits X-ray progression [11, 12] and significantly improves physical function and HRQOL measured by SF-36 [8, 9] . The Research on Tocilizumab Determining Efficacy after Anti-TNF Failures (RADIATE) trial enrolled patients across 13 countries with active RA and inadequate responses to one or more TNF inhibitors (TNFis). Primary efficacy data have been reported previously [6] . Current analyses assessed the effects of tocilizumab treatment on PROs, including pain, patient global assessment of disease activity (PtGA), physical function, fatigue and HRQOL.
Methods

Patients and study design
In RADIATE, 499 patients were randomly assigned to receive 4 or 8 mg/kg tocilizumab or placebo (control) i.v. once every 4 weeks and stable doses (1025 mg) of weekly MTX for 24 weeks. Patients without 520% improvement in tender joint count and swollen joint count at week 16 were eligible to receive rescue treatment. Analysis of PROs used the intent-to-treat (ITT) population (n = 489), including all randomly assigned patients who received one or more doses of study treatment. The study was approved by the appropriate regional ethics committees and was conducted in compliance with the Declaration of Helsinki. All patients gave written informed consent to participate [6] .
PROs
Pain and PtGA were evaluated using visual analogue scales (VAS; millimetres) and physical function by the HAQ-Disability Index (HAQ-DI) [13] . Patients completed these assessments at baseline, weeks 2 and 4 and then every 4 weeks. Fatigue was assessed by Functional Assessment of Chronic Illness Therapy (FACIT)-Fatigue [14] at baseline and every 4 weeks. SF-36 version 2, which includes eight domains [physical functioning (PF), role limitations-physical (RP), bodily pain (BP), general health perceptions (GH), vitality (VT), social functioning (SF), role limitations-emotional (RE) and mental health (MH)], scored from 0 (worse) to 100 (best), was completed every 8 weeks. These domains are combined into Physical Component Summary (PCS) and Mental Component Summary (MCS) scores, with a normative mean (S.D.) of 50 (10). Baseline values and treatment-associated changes in these domain scores are depicted using spydergrams [15] , which provide a single visual representation that allows comparison with age-and gender-matched norms in the US population [16] . Short-Form 6D (SF-6D) scores were calculated using the recently revised calculation of health utilities, based on mean scores across all eight domains of the SF-36 [17] . This utility measure is scored on a scale of 0.2901.000, with 1.000 indicating perfect health to 0 indicating death. The minimally important difference (MID) is 0.041 [18] .
Statistical analyses
Changes from baseline over time for each PRO were summarized descriptively. As part of pre-planned statistical analyses (SAS versions 8.2 and 9.1; SAS Institute, Inc. Cary, NC, USA), mean changes from baseline scores for tocilizumab-treated and control groups were compared at week 24 using analysis of variance (ANOVA), adjusting for the stratification factor (site) as a fixed effect in the models. No multiplicity adjustments were made to these analyses. Exact P-values were reported to four decimal places.
As part of post hoc analyses, the proportions of patients reporting improvements meeting or exceeding minimum clinically important differences (MCIDs) in each PRO were analysed. MCIDs were defined as 510 mm in pain and PtGA VASs [1921] All analyses used the ITT population. The number of patients contributing to assessments decreased over time because of early withdrawals, receipt of rescue therapy or both [6] . No imputation for missing data was performed for the primary analysis; this was a conservative estimate of tocilizumab treatment compared with control. As a sensitivity analysis, the last-observation-carriedforward (LOCF) method was used to impute missing data and to obtain week 24 outcomes for every patient in the ITT population with one or more post-baseline assessment.
Results
Patients
Baseline demographics, disease activity and PRO scores are presented in Table 1 and were well balanced across the three treatment groups [6] . Mean disease duration in this treatment-experienced patient population was 11.012.6 years: 7% of patients had disease <2 years, 75% had disease 55 years and 7379% were rheumatoid factor positive. Patients had failed a mean of 3.83.9 TNFis/DMARDs; 4250% failed one TNFi, 3244% failed two TNFis and 1218% failed three or more TNFis.
www.rheumatology.oxfordjournals.org Patient pain, PtGA and HAQ-DI Mean improvements from baseline to week 24 for pain were statistically significantly greater than in controls with both 4 and 8 mg/kg and statistically significantly greater with 8 mg/kg for PtGA (Fig. 1A and B) .
Mean improvements in physical function, as measured by the HAQ-DI, from baseline to week 24 were statistically significantly greater in the 4 mg/kg group (À0.31 points) and the 8 mg/kg group (À0.39 points) than in the control group (À0.05 points; P = 0.0029 and P < 0.0001, respectively). Improvement was evident as early as 2 weeks (Fig. 1C) .
FACIT-Fatigue, SF-36 and SF-6D
Mean improvements from baseline to week 24 in FACIT-Fatigue scores were 6.66 (>1.5Â MCID) with 4 mg/kg and 8.83 (>2Â MCID) with 8 mg/kg compared with 4.22 with control (P = 0.015 for 8 mg/kg vs controls; Fig. 1D ). Differences between the treatment and control groups were evident starting at 4 weeks.
As demonstrated by SF-36, baseline HRQOL in study patients was significantly impaired compared with ageand gender-matched US norms ( Fig. 2A ; Table 2 ). Domain scores were well matched between treatment groups. PF and RP were 5070 points below US norms; BP, VT and RE domain scores were 3040 points below US norms. Mean baseline PCS scores were $2 S.D.s and MCS scores 1 S.D. lower than normative values of 50. At week 24, mean changes from baseline in SF-36 PCS (but not MCS) scores were statistically significantly greater in each tocilizumab group (Fig. 3) .
Compared with controls, tocilizumab-treated patients reported greater improvements from baseline to week 16 in all eight SF-36 domains, with the largest in RP and BP domains: $2Â MCID with 4 mg/kg and 5Â MCID with 8 mg/kg ( Fig. 2B ; Table 2 ). Patients receiving 4 mg/kg reported improvements (range 5.816.0) intermediate between controls and those receiving 8 mg/kg (greater than or equal to MCID in seven of eight domains: PF, RP, BP, GH, VT, SF, RE). Improvements in patients receiving 8 mg/kg (range 7.224.0) were largest in RP and RE (>12Â MCID in all eight domains). Further improvements were observed through week 24 in all domains; improvements were 12Â MCID for controls and 25Â MCID for the tocilizumab groups ( Fig. 2C ; Table 2 ). Reported improved values in the control group at week 24 were lower than week 16 values with 4 mg/kg. Improvements reported by patients receiving 4 mg/kg approached those of patients receiving 8 mg/kg in four of eight domains (PF, RP, GH, MH). Patients receiving 8 mg/kg had numerically better improvement than patients receiving 4 mg/kg across all domains at both 16 and 24 weeks.
Baseline SF-6D scores ranged from 0.427 to 0.435 (mean 0.431) in study patients compared with 0.778 for US norms (Table 2) [17] . Mean improvements from baseline to week 24 in SF-6D scores were greater in both tocilizumab groups than in controls: 0.128 and 0.165 (3 and 4Â MID) with 4 and 8 mg/kg, respectively, well exceeding 0.083 (controls). Proportions of patients with improvements greater than or equal to MCID in PROs Fig. 4A displays the proportions of patients reporting improvements greater than or equal to MCID from baseline to week 24 in individual PROs, which were higher in tocilizumab-treated patients in both dose groups than in controls. More patients treated with 8 mg/kg also reported improvements greater than or equal to MCID in FACIT-Fatigue score compared with controls.
In a sensitivity analysis using LOCF, the proportions of patients reporting improvements of MCID or greater were lower (1.021.7%) across the PROs, and the magnitudes of within-group mean improvements were smaller. However, these analyses did not alter conclusions regarding differences among treatment groups. Reported improvements in PROs remained greater in tocilizumabtreated patients than in controls, and the differences between treatment groups were similar in magnitude to those of the original analyses.
Proportions of patients reporting improvements greater than or equal to MCID in a PRO and a corresponding SF-36 domain
The proportions of patients reporting improvements greater than or equal to MCID in an SF-36 domain score and a corresponding PRO were markedly greater in both tocilizumab groups (50.984.9%) than in controls (35.051.7%; Fig. 4B ). For example, improvements greater than or equal to MCID in both the SF-36 VT domain and FACIT-Fatigue scores were reported by 71.4% receiving 4 mg/kg and 72.9% receiving 8 mg/kg compared with 47.1% of controls.
Proportions of patients with ACR50 responses or DAS28 remission and improvements greater than or equal to MCID in a PRO More tocilizumab-treated patients than controls achieved ACR50 responses or DAS28 remission and reported improvements greater than or equal to MCID in PROs (patient pain, PtGA, HAQ-DI and FACIT-Fatigue; Fig. 4C ).
Discussion
The efficacy and safety of tocilizumab were previously demonstrated in the RADIATE trial [6] . Efficacy was similar regardless of the previous number of TNFis failed. In the present analysis of these data from the RADIATE trial, treatment with 8 mg/kg tocilizumab resulted in statistically significant and clinically meaningful improvements in PROs, including pain, PtGA, physical function (HAQ-DI), HRQOL and FACIT-Fatigue. Over 24 weeks, tocilizumab-treated patients reported statistically significant and clinically meaningful improvements in SF-36 PCS and HAQ-DI scores compared with controls. These results are important because improvements in SF-36 PCS and HAQ-DI scores in patients with RA are associated with improved work productivity, reduced long-term disability, reduced health care utilization and costs and reduced mortality [2430] . Improvements in SF-36 scores were further contextualized using spydergrams, which pictorially present all eight SF-36 domains in relation to treatment goals (e.g. age-/gender-matched normative values). The use of spydergrams also facilitates interpretation of improvements between treatment groups. The marked impact of RA on HRQOL is evident from the large separation in all eight domain scores at baseline between the trial population and age-and gender-matched US population norms as a benchmark for comparison.
FIG. 1 Mean change (S.E.) from baseline in patient pain (A), PtGA (B), HAQ-DI (C) and FACIT-Fatigue scores (D
Both tocilizumab doses resulted in improved HRQOL, but changes from baseline were numerically higher with 8 mg/kg than with 4 mg/kg at weeks 16 and 24. Treatment with 8 mg/kg resulted in more rapid improvements over time than 4 mg/kg; at week 24, mean changes from baseline with 4 mg/kg approached responses seen at week 16 with 8 mg/kg. Similarly, mean improvements from baseline in pain, PtGA, HAQ-DI and FACIT-Fatigue scores were greatest with 8 mg/kg, improving as early as week 4 and continuing through week 24 (Fig. 1) .
Further clinically meaningful improvements in domain scores ranging from 1 to 5Â MCID were observed between weeks 16 and 20 of treatment (Fig. 2) . Some, particularly in the control group, can be attributed to non-responders receiving rescue therapy with 8 mg/kg at week 16. Because the primary analysis sets the   FIG. 2 SF-36 domain scores at baseline (A), 16 weeks (B) and 24 weeks (adjusted means) (C) compared with age-/ gender-matched US norms using spydergrams. [17] . TCZ: tocilizumab.
www.rheumatology.oxfordjournals.org values for rescue patients to missing, analyses beyond week 16 included only the responsive population. Given that the proportion of patients who received rescue treatment was greatest in the control group, analyses treating data after rescue as missing likely overestimate the response, especially in the control group. In the sensitivity analysis, LOCF imputation allowed inclusion of these rescue patients (non-responders) in the analyses. As in the original ITT analysis without imputation, responses in the tocilizumab groups remained higher than those in the control group. A greater proportion of tocilizumab-treated patients than controls reported clinically meaningful improvements in each PRO measure and in at least two PROs. Not surprisingly, the proportions of tocilizumab-treated patients reporting improvements greater than or equal to MCID in individual PROs ($3080% of patients; Fig. 4A ) were similar to those reporting clinically meaningful improvements in a corresponding SF-36 domain score ($4565%; Fig. 4B ). This underscores the expected agreement between different PROs measuring related concepts (e.g. SF-36 PF or RP and HAQ-DI; SF-36 BP and patient pain; and SF-36 VT and FACIT-Fatigue). Tocilizumab patients were also more likely than controls to attain responses by ACR50 or DAS28 remission definitions and to report clinically meaningful improvements in an individual PRO. Together, these data demonstrate the importance of assessing both clinical response measures and PROs in randomized controlled trials to more completely assess treatment-associated improvements.
Overall, improvements in HRQOL associated with tocilizumab were in the range of those observed in clinical trials of other biologic agents in patients who had failed one or more TNFis [3133] . For example, the Abatacept Trial in the Treatment of Anti-tumor Necrosis Factor Inadequate Responders (ATTAIN) [32] , the Golimumab After Former Anti-TNF Therapy Evaluated in RA (GO-AFTER) study [33] and the Randomized Evaluation of Long Term Efficacy of Rituximab in RA (REFLEX) [31] trial demonstrated significant and clinically meaningful improvements in HRQOL outcomes. Over 6 months, $4565% of patients treated with a biologic agent compared with $2535% of placebo recipients experienced improvements greater than or equal to MCID in SF-36 PCS or HAQ-DI scores or both. In the present analyses, similar differences were evident between the tocilizumab and control treatment groups. At week 24, 5065% of tocilizumab-treated patients compared with $30% of controls reported improvements greater than or equal to MCID in SF-36 PCS or HAQ-DI scores.
Fatigue is frequently experienced by patients with RA and may be severe in >40% of patients [34] . In the present study, treatment with both tocilizumab doses resulted in changes greater than or equal to MCID in FACIT-Fatigue score; improvements with 8 mg/kg were approximately twice those of controls. Similarly, with both tocilizumab doses, improvements in the SF-36 VT domain exceeded MCID, indicating that patients also had more pep and energy.
In conclusion, overall, results from this study demonstrate that tocilizumab-associated improvements in HRQOL occurred rapidly and were statistically significant and clinically meaningful despite long-standing active disease in patients who were inadequate responders to one or more TNFis. The proportions of patients reporting improvements greater than or equal to MCID in PROs were greater with 8 mg/kg than with 4 mg/kg tocilizumab. Thus tocilizumab may be considered a valuable therapeutic www.rheumatology.oxfordjournals.org option that offers both clinical and HRQOL benefits to RA patients.
Rheumatology key messages
. Tocilizumab resulted in statistically significant and clinically meaningful improvements in PROs/HRQOL in TNF-IR (inadequate responder) RA patients. . More RA patients treated with 8 mg/kg tocilizumab than 4 mg/kg tocilizumab reported PRO improvements greater than or equal to MCID.
